3GPP TSG-SA WG1 Meeting #101 	S1-230114
Athens, Greece, 20 - 24 February 2023	

Title:	Use case on Compute Offload for Metaverse MMO Gaming.
Agenda Item:	7.3
Source:	Intel
Contact:	Suresh Srinivasan <suresh.srinivasan@intel.com>

Abstract: This pseudo-CR provides an overview of “Compute Offload for Metaverse MMO Gaming” use case, service flows and potential new requirements.
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5	Use cases
[bookmark: _Toc100862436][bookmark: _Toc100921160]5.A	Use case on Compute Offload for Metaverse MMO Gaming
[bookmark: _Toc100862437][bookmark: _Toc100921161]5.A.1	Description
Massive Multiplayer Online (MMO) games require graphical (GPU) intense computation since it host more than hundred players in a single session. Whereas MMO for metaverse are still in rudimentary stages due to metaverse enablers – HMD, VR glasses- limitations in computation power, memory storage and energy.  Metaverse enablers are usually designed to be compact and wearable devices such as Head Mount Devices (HMD), VR glasses, mobile devices etc., These devices have limited computing power, memory storage and energy due to its compactness. Metaverse enablers require additional powerful computing resource to render both immersive virtual worlds and interactions with hundreds of other players. 

5G systems with Edge computing is a promising technology for the mobile metaverse users, since metaverse applications such as MMO games require low latency to be as low as possible to deliver real-time, advanced, and computation-intense capabilities. Edge computing serves GPU computation capability in the local network reducing latency and burden on backbone networks. 

Metaverse MMO games require to determine the movement and positioning of an avatar along with foreground and background rendering. Most delay sensitive computation such as positioning of an avatar and foreground rendering are offloaded in smaller GPU computable tiles to the edge computing. 5G system with distributed edge computing not only aids additional computing but also accelerates computing. Remote direct memory access to share the results among distributed computing along with URLCC will reduce the computing offload communication delay [1-4].																												


Figure-1: Metaverse MMO gaming requiring Computing offload to 5G system [7]

Limitation with Edge/Cloud/Split Rendering. In Network based or split based rendering, most of the computation or partial computation are done in the in the cloud/Edge server and the resulting video are rendered to the metaverse enablers over 5G network. Tracking and sensor information from the metaverse enablers are sent to the network server to duly update viewport rendering. Such network based rendering urges for high data rate and low latency [ref], and with multi users using applications such as MMO games would almost occupy bandwidth to serve the required high data rate and low latency. Due to these shortcomings, MMO gaming for metaverse has been far from reality. With the proposition of compute offload, the viewport tiles for rendering the viewport are split into smaller group of tiles and offloaded to a distributed network to compute in parallel, and the results are transferred to the metaverse enablers using Remote Direct Memory Access (DMA), and the metaverse enablers will render video locally. With this architecture, 5G's URLLC and eMMB would serve such offload and make MMO games for metaverse a reality [5].                                   
5.A.2	Pre-conditions
1) Bob is an intense metaverse MMO game player and has an 5G capable Head Mount Device (HMD).
2) Bob’s HMD device are designed to be compact and wearable, and it is suitable for low power and low computation applications.
2) Bob has a 5G subscription with the operator Y – who supports compute offload as service.
3) Operator-Y has subscribers various plans for the compute offload as service based on the time and intensity of the compute offload. 
4) Bob is registered to a popular Massive Multiplayer Online Game X.
5.A.3	Service Flows
1) On a weekend, Bob wants to play his favourite MMO game using his HMD device.
2) MMO games urges for a graphic intense device, and it is slow/unable in updating MMO games on the HMD device.
3) Since Bob has registered to the compute offload services with the operator, HMD devices request the network to offload the MMO games as a workload.
4) Operator-Y provides a distribute offload compute services with high-speed processors, which helps Bob’s HMD device to offload it’s MMO work load and compute in parallel to increase reduce computation time.
5) Due to shared memory access among the distributed computing services and HMD devices, the MMO’s foreground rendering, and avatar update is lot faster.
6) Due to computing offload, Bob was able to play MMO Games using his favourite HMD device.
7) Without compute offload, Either Bob wouldn’t have used HMD for MMO Games or Bob would have to depend on Cloud/edge rendering, which is bandwith intense and intermittent.
5.A.4	Post-conditions
1) Once Bob is done playing his MMO Games, his HMD device will release computing offload resources from the operator-Y.
2) Bob would close the MMO games application and HMD would go to the sleep mode releasing network bandwidth.
5.A.5	Existing feature partly or fully covering use case functionality
1) System requirements for high data rate and low latency for AR/VR in clause 7.6 of TS-22.261 [6] specifies the KPI table for Cloud/Edge/Split rendering. These requirements specify high data rate and low latency and assumes that the AR/VR are rendered using conventional 5G data communication.  
 
2) System design for cloud/Edge/split rendering is specified in TS 26.118 clause 4.3 [5]. In this design, viewport streaming, distributed rendering, split rendering, are proposed where the computation of XR/VR rendering are done either in the server or both server and the metaverse enablers respectively. This system design addresses display, tracking and Pose generation, media coding/encoding and formats, viewport rendering and its associated 5G communication. This architecture is application oriented and urges for high data rate, which is a limitation with the existing 5G spectrum allocation.

3) The KPI values for this use case will be within the KPI values specified for Ultra Reliable Low Latency communication (URLLC) and enhance Mobile Broadband communication (eMMB) in TS-22.261 [6], since we split and distribute our computing into tiny tiles rather than rendering from the network. 

5.A.6	Potential New Requirements needed to support the use case
[PR 5.2.6-001] The 5G system shall support compute offload procedures from the UE to the 5G network and support compute offload as a service to the subscribers.
 
[PR 5.2.6-002] The 5G system shall support compute offload service availability to the UE upon request.
 
[PR 5.2.6-003] The 5G system shall support Shared data access between 5G network and UE.
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